The traditional tools of surgerythe knife, scissors and forcepshave for many years been supplemented by forms of energy other than simply mechanical. Such have been heat, either as actual cautery or as electrical diathermy (cutting or coagulation), cryotherapy, X-radiation, radium implantation and photocoagulation. For a number of years, photocoagulation from an incandescent light source has been used for the treatment of diseases of the retina and choroid and, in a relatively minor way, in the treatment of the iris.
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Ordinary photocoagulation, however, was not sufficiently powerful to place small spots of energy of sufficient intensity to produce holes in tissue without considerable surrounding shrinkage and destruction. 'Ordinary' light, in the form of a finely focused beam from a powerful incandescent source, can, as we know, produce a burn at the point of focus providing the energy is absorbed. Transparent tissues are not affected.
The 'packets' of energy, or photons, from an incandescent light source arrive at the target in a random sequence, even if they happen to be of the same wavelength. A'rough analogy would be that of a crowd of men running into a brick wall the men might all be running with the same stride (wavelength) and at the same speed of step (frequency) and they might all even be in step (phase) but nevertheless they might not all hit the wall at the same moment, because there would have been no guarantee that they left the starting point at the same moment. If, however, they arrived like a laser, they would also fulfil the last condition: large groups of them would hit the wall at the same time. The effect of such an arrival would be shattering, compared to nonsimultaneous random arrivals, and herein lies the secret of the strength of the laser.
Consider the difference between the effect of energy absorbed by a head when a hammer is pressed firmly against it for a few minutes, and the effect of the same amount delivered in a short time, that is the head being struck with the hammer. This is an illustration of the fact that when energy is delivered, the effect is inversely proportional to the time: or, the greater the energy density, the greater the effect.
If very low-power lasers are used there may be insufficient energy to produce biological effectsas, for example, in the types used for decorative displays. As the power is increased, we begin to sense the surgical potential, and since the power, the time base and the spot size can be varied, we can realize the versatile nature of this form of energy. Slow deliveries of moderate amounts of laser-energy produce thermal coagulation with some shrinkagenot unlike the effect achieved with a cautery but without the necessity for direct contact, and also similar to conventional photocoagulation but with far finer resolution of focus.
As the energy is increased, we pass from coagulation to burning, with spreading of heat to nearby tissues. The length of time over which packets of laser-energy can be delivered can be altered by electronic techniques, so that the energy can be delivered in incredibly short periods of time. Furthermore, the size of the beam can also be expanded or contracted, since laser light can be focused according to the ordinary laws of optics.
As the delivery time is shortened, rapid accumulation of calories and the consequent temperature rise in the tissue begins to produce kinetic effects, so that an explosion may take place in the tissues before an unacceptable 'Based on paper read to Section of Ophthalmology, 10
March 1983 0141-0768/84/030175-03/$Ol1.00/0 Cj 1984 The Royal Society of Medicine temperature rise has occurred. At the lowest end of the time scale, in the nano-or picosecond range, direct dissolution of matter into 'plasma' occurs, i.e. total destruction with no temperature rise but with local mechanical shock waves. An extraordinary feature of this last phenomenon is that it occurs regardless of an absorptive medium at the point where an ultra-fast laser pulse comes to a focus. Hence the ability to cut transparent membranes with an yttrium aluminium garnet (YAG) laser.
In summary, therefore, the position as far as medical lasers are concerned is as follows. Continuous lasers, where shutters expose the tissue for, say, 10-100 milliseconds, produce simply heat; these have virtually identical properties to conventional light coagulation, except that the beams tend to be much more finely focused. Lasers in the microsecond range produce small explosions with the accompaniment of moderate heat; and lasers in the nano-or picosecond range produce instant disruption of the tissue into plasma, plus shock waves. An example of the first type is the familiar argon laser, of the second the pulsed dye laser, and of the third the YAG laser.
What is the present role of this new way of heating, burning or cutting tissue, as far as the treatment of glaucoma is concerned? Leaving aside two techniques which so far have not been widely practised and which appear to be of relatively little importancenamely attempts to modify the shape of the iris root in cases of narrow-angle glaucoma and attempts to perforate the trabecular meshwork in open-angle glaucoma and disregarding rather specialized issues such as retinal laser therapy in rubeosis or attempts to laser the ciliary processes in aniridia, I should like to comment on the two principal uses of laser in glaucoma at the present time: iridotomy and laser trabeculoplasty.
The new is always attractive in medicine, so that the words 'new' and 'better' tend to be regarded by many patients and doctors as practically synonymous. Although new methods are often better, sometimes they prove disappointing in the end. It is very difficult to see far enough ahead to make a judgment, and all one can do is to study very carefully the reports from practitioners engaged in the development work in this form of surgery. Needless to say, it is crucially important at this early stage for reports to be scrupulously honest.
Regarding iridotomy, the issues are fairly clear and the pros and cons are already known. Iridotomy by mechanical means can be efficiently and expeditiously carried out under a local anaesthetic if necessary, and with a minimal risk of the two principal hazards of surgerybleeding and infection. Unfortunately, simple peripheral iridectomy is not an easy operation for the beginner. Inability to get the iris to prolapse, due to the section being too small and to allowing the aqueous to escape slowly by seepage, can introduce very serious difficulties.
Advantages of laser iridotomy include the administrative, emotional and financial benefits of avoiding hospital admission, together with the surgical advantage of avoiding the possibility of infection. Bleeding can occur, but has not been reported as a common or serious complication. There are, however, some disadvantages. Dye laser involves the rather startling sensation of a sharp blow on the eye, which some patients find extremely upsetting, but most can tolerate well. Laser iridotomy with the argon laser, in contrast, appears to be virtually painless but involves the delivery of multiple laser shots. Both dye and argon laser attempts at iridotomy occasionally fail to produce full-thickness holes and there have been reports that argon laser holes, though perforate, can sometimes be too small to prevent an acute attack of glaucoma.
It will probably turn out in the end that surgical iridectomy is indicated for certain types of angle-closure glaucoma while laser iridotomy should be undertaken for others. For example, it is extremely doubtful whether laser iridotomy should be undertaken in chronic angle-closure glaucoma where the diagnosis is in some doubt, because the products of the disruption of the iris which become liberated into the aqueous humour may block up the remaining portions of the trabecular meshwork. In such cases, surgical iridectomy where the opportunity of accidental filtration exists may be preferable.
Refinements in the selection of contraindications and indications can only come, however, with time and experience, but there seems to be no doubt at all that laser iridotomy is here to stay. Experience with the XAG laser is limited, but it is possible that this mode may prove superior to the other two.
There is considerable confidence in the future of laser iridotomy, but the same cannot be said for laser trabeculoplasty. This is a far more dubious mode of therapy. There are several unanswered questions about this form of treatment which further experience will resolve. First, how does it work? It has been shown that it does not work by producing through and through holes in the meshwork, and the current suggestion is that is produces some sort of tightening of the trabecular bands so that their collapse to form a compacted mass, as opposed to nicely separated baffle-plates, is avoided.
Another question concerns the peculiarly variable effect of laser trabeculoplasty. In some patients, a remarkable drop in intraocular pressure occurs and is apparently maintained; in most there is a small drop, of the order of 4-5 mmHg; in some there is no effect, and in a few it is suspected that the condition is made worse. A further question concerns the likely duration of the beneficial effects, if any. Wise & Witter reported their first results in 1979. There is thus only four years follow-up so far. The protagonists of laser trabeculoplasty suggest that during this period there has not been a noticeable fall-off in effectiveness.
The attractions of argon laser trabeculoplasty for chronic open angle glaucoma are obvious. A successful result will confer considerable benefits. The use of drops may be reduced in frequency, or possibly discontinued. The threat of mutilating surgical procedures designed to ensure fistulization is lifted. Disadvantages include the possibility of worsening the condition in a few cases. A relatively unimportant but nevertheless somewhat irritating disadvantage is the snowball effect on a surgical practice of carrying out a large number of these procedures. Observation has to be frequent in the first few months after laser treatment, especially in view of our relative ignorance of the subject. The result in a glaucoma practice is that an increased number of outpatients must be seen to ensure adequate follow up; this is, however, a small price to pay.
In summary, one can say that the future of laser iridotomy seems secure, but the future of laser trabeculoplasty remains in some doubt and will be watched with the greatest interest. It is vitally important at this stage that all concerned with the subject keep the closest possible watch on all aspects. We await with the greatest interest the results of properly controlled prospective trials which are at present in progress.
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